ANALYSIS OF CREW PERFORMANCE
IN THE
APOLIO COMMAND MODULE
PHASE II - VOLUME I

ER 14396 January 1967

By Milton A. Grodsky
David L. Glazer




11

FOREWORD

The analyses presented in this report were performed by the Man-
Machine Engineering Department of the Martin Company, Baltimore, Maryland,
under Contract NAS9-5730 for the National Aeronautics and Space Adminis-
tration, Manned Spacecraft Center,'ﬂouston, Texas. The program was tech-
nically monitored by Dr. Robert Jones of NASA,

This report presents the results obtained from Phase II of the
program which was concerned with a comprehensive analysis of simulated
Apollo Command Module performance data. Phase I of the study investigated
the effects of mission and system design characteristics, while Phase II wa;
directed more toward the relationship of performance with ancillary tools and

measures, such as pilot checklists, biomedical status, and particular mission

effects such as communication black-out periods.

The authors would like to express their appreciation for aid and assistance

during the conduct of this phase to Dr. D. P. Woodward, R. J. Voorhies and

L. Lewandowski.
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SUMMARY

The study reported herein and in Ref. 1 was performed in order to
study the relatlonship between pilot performance and certain mission and
system variables in the Apollo Command Module. The data were provided by
five three-man crews who participated in the lunar landing simulations at
the Martin Company, under NASA Contract No. NASw~1187 and NASw-833,
Washington, D.C. _

The Phase I effort (Ref. 1) analyzed each flight control, switching
and guldance and navigation error as to its nature, magnitude, direction,
and etiology. Specifically, the effects of performance on such variables
as system design and operation, phase operation, systems operation within
phases, display/control design, mission time, reaction time, and duty cycle
arrangement were investigated using a variety of statistical techniques.

Results indicated that a genemlly high level of performance was achieved
and maintained. Certain isolated effects were demonstrated, such as in-
creased switching variability over mission time, however, few other con=
sistent trends were developed.

Phase II of the study, reported here, was concerned with certain addi-
tional system and mission performance variables, as well as the relationship
between performance levels obtalned and other system/mission varisbles,
not studled in Phase I.

Specifically, the effects of the following variables were studied

quantitatively:
(1) Checklists

(2) Communications blackout periods

(3) Control respouse vo chasglng cpacecraft Inertia
(4) Isometric exercises

(5) Diurnal cycle variations

(6) Mission-~to-baseline correlates.
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Additionally, pllot comments were subjJectively analyzed. Finally,
the results of the present study and the Phase I study (Ref. 1) were eval-
uated for application to the current C/M configuration, mission, procedures,
and training program.

Results, as in Phase I study, indicated a generally high level of per=
formence on all types of tasks throughout the mission duration. Certain
effects were observed, such as probably diurnal temperature and pulse rate
variations, while the existence of other effects such as control response to
changing spacecraft inertia was not precluded. The effects demonstrated in
the control response analyses were confounded by other extraneous effects
such as mission time. As in Phase I, few consistent trends were developed.

Further, it was possible to apply some of the results of this study
to the current Apollo design and program. The more important extrapolations
are listed below.

(1) The Apollo training program should include daily feedback of

V results. N

(2) In order to provide maximum effectiveness in emergency manual
control during Earth entry, a number of additional flight con=
trol paraheters such as: range and altitude error and error
rates spould be provided. Such information displays should be '

located as close to the central line of sight as possible.
(3) Certain less critical switches and panels such as communications

could be modified to reduce the probability of human error

during periods of high stress.




ix

(h) If system design requires pilot mission flight control
performance which is close to the mean plus three sigma
level exhibited duringiaseline, either additional training
or system modifications may be reguired ih order to reduce

the probability of human error.




I. INTRODUCTION

This report will present the Phase II analyses results of a two-éart
study concerned with the evaluation of pilot performance data cbtained in
a ground~based simulation situation of the Apollo lunar landing mission.
The analyses conducted in the total study were designed so as to obtain
statistically verifiable information and factors which relate pertinent
aspects of the operational situation to pilot performance. In order to
accomplish the above goal, the pilot performance obtained in five lunar
landing simulations were investigated relative to system design and mission
parameters of the Apollo Command Module (CM). An additional goal of the
program was to applynthe obtained results to the operational CM in the
following manners )

(1) Aid in the implementation of the CM display and control
configuration.

(2)‘ Aid in the provision of insight into the mission design in
order to pimpoint error producing’factors.

(3) Aid in the development of an astronaut training program.

(4) A1d in the provision of statistically verifiable data which
could be used as an index of pilot performance relilability
in the overall lunar landing mission.

As previously stated the data utilized in the present analyses were

obtained from simulated missions. Previous analyses and data collected
from simulated situations had indicated that by exercising Judicious and

careful. experimental control, reasonable simulation fidelity, and by em=
Ploying appropriate procedure, such data may indeed be weful for the accom-
plishment of the above stated goals., Further, because of the lack of a

large number of operational systems and associated missions for this type




of research analyses, simulation data appropriately utilized and coupled
with the available operational experience and data are indeed a preferred
and appropriate method.

The Phase I portion of this program previously reported was concerned
with the comprehensive analysis of flight control, switching and navigatidn
errors made by the crews during the five simulated missions (Ref. 1). The
analysis was performed relative to the nature, magnitude, direction and
etiology of the errors. The mission factors invedigated, utilizing a
fariety of statistical techniques were:

(1) Systems effects

(2) Phase effects

(3) Phase by system interaction effects

(4) Display/control configuration effects

(5) Effects on pilot reaction time

(6) Mission time effects |

(7) Duty cycle effects

‘(8) Biomedical effects.

The results of the andyses in Phase I indicated high performance was gen=
erally maintained by all pilots throughout the siﬁulated mission. Further,
the mission factors when analyzed ylelded few consistent trends except for
increased switching performance variability over ﬁission time., The de-
talled conclusions are presented below.

A. The performance of the crews during the seven=day simulated-Qissions

appears to have been at an extremely high level in terms of relia-
bility. The reliability measure was used because it easily related

to the pilot to the other on~board systems and total mission




B,

c.

® .

E.

3

effectiveness. Such factors as system effects, mission phase
effects, and their interactions appear to contribute minimally

in terms of any error trend in the obtained pilot performance.

An analysis of the simulator displays ardcontrols indicated no
general casual relationships between error performance and design.
It was suggested that workload and the skill and training of the
pilots, who participted in the simulation contributed to the
finding. It further was suggested that perhaps new human engl-
neering criteria should be developed for this category of in-
dividuals in the séaceflight sitation,

An analysis performed on the criticality of the obtained errors
indicated no critical switching errors but some critical flight
control errors 1f a stringent performance criterion was used
(e.g., mean +3 sigma criterion).

It appeared as a result of the analysis that m;l.ssion time de=-
graded performance in terms of variability of obtained performance
rather than absolute changes 1# mean level of performance. The
observed variability in performance during the simulated mission
was not sufficient to affect mission success but it was noted that
with increased workload, tasks which were more time critical, and
extension of the mission duration, the variability might have ine
creased to the extent of serilously degrading performance.

The total analysis indicated that with the workload level utilized
in the simulated missions, the maintenance of a constant workload

appeared to be more important than the absolute workload level at

any gpecific phase. Further, the particular duty cycle utilized

did not appear to affect the obtained performance.




F. No significant correlative trend vwas evidenced with any of the
biomedical measures obtained during the simulation and the per-
formance measures.

G. Since the performance measures taken covered a gamut of the be-
haviors involved and since the statistical sensitivity of the
data was consldered high and known for most task measures, 1t
was stated that the obtained performance of the crews showed
little degradation. However, such elements as workload, mission
duration, etc. may be important had they been experimental
variables.

The Phase II effort was directed toward additional mission parameters
such as communications blackout effects, errors due to checkllsts, perform=-
ance effects due to changing spacecraft inertia and correlations between
mission and baseline performance. Additionally, the Phase II analyses in-
cluded qualitative investigations of pilot comments and correlation of iso=-
metric exercise performance of any diurnal cycle effects on performance and
biomedical status. However, prior to describing the detalls of Phase II,
it may be well to review the method of obtalning the basic data.

The data bank available for performing the analyses &s previously
stated was the result of five, seven-day lunar landing simulations per-
formed at the Martin Company (Ref. 2). The simulator facility included a
high-fidelity, fixedbase Command Module Simulator (C/M), a Lunar Excursion
Module simulator (LEM) gimballed in three degrees of attitude movement, a
full;scale'C/M translator capable of three degrees of translation movehent,
and associated out-the-window displays. Fifteen pilots were combined iﬁto

five, 3-man crews. All of the pilots were graduates of the Air Research




Pilot School, Edwards Air Force Base, California, and were representative
of the astronaut population. Each crew underwent five weeks of intensive
training on all mission tasks, followed by a seven-aay lunar landing simue
lation. The mgjor differences between simulator and operational system
tasks were:
(1) Manual implementation of certain tasks that are to be
' automatic in the operational system.
(2) Each flight control phase was repeated three times during
‘the mission so that the performance measurement was possible
for each crev member on each task. Otherwise, the Simulator
Systems (Table 1) and phases (Table 2) were approximately
the same as the operational C/M.
The simulation resulted in six types of reduced training, baseline,
and/or mission data in addition to the new data. The reduced data are
described below.

(1) Switching (switching performance relisbility expressed as

1 - ‘Switching errors .
Switching operations : Eq. 1

vhere an error was a missed or inadvertent switch operation).

(2) Flight Control (flight control performance rellability expressed as

Flight control errors Eq. 2
Flight control parameters per phase ¢

1l -
where a flight control error was defined as a parameter exceeding
the mean plus three sigma value of that parameter obtained from
the baseline data).

(3) Guidance and Navigation (guidance and navigation performance
relisbility expressed as

1l Errors Eq. 3
Operations




(&)

(5)

vwhere errors vere defined as those values that exceeded the
baseline errors value established by system calibration).
Isometrics (Isometric performance expr'essed as "load displaced"
on five exercises: knee, behind thigh, waist, shoulder, and
overhead).

Biomedical (Biomedical status expressed as: oral temperature,

pdlserate, diastolic and systolic blood pressure).

TABLE 1

BASIC SIMULATOR SYSTEMS

Basic
Abbreviation Systenm

FC Flight Control

SC Stabilization and Control
GN Guidance and Navigation
coM Communications

ANT Aﬁtenna

Ms Mission Sequence

ED Emergency Detectlon

RC Reaction Control

SP Service Propulsion

CRY Cryogenics

EC Environmental Control
EP Electrical Power .

Cw Caution and Warning

L ‘ Lighting
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TABLE 2

6a

3

MISSION PHASES

Systen
Abbreviation

EPA

TLI

TRN

IMU & MCC

PD
101
TEI
EE
sC

Systen

Earéh Povered Ascent
Tmnslunar Insertion

Transposition

Inertial Measuring Unit and
Midcourse Correction

Position Determination
Ianar Orbit Insertion
Transearth Insertion
Earth Entry

Systems Check

(6) Malfunction Detection (Malfunctiondetection performance

expressed as

1 - Switching errors

Switchlng operations

Eq. 4

in simulated situations.)

Figure 1 indicates the total number of data points ¢ ollected during

the simulation on Items 1, 2, 3 and 6 above., With the addition of Items k&

and 5, a total of 170,000 verifiable data polnts were collected. A more

complete description of the simulator facilities and original program can

be found in Refs. 1, 2, 3 and k.
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The remaining chapters of this report will detail the analyses, results
and conclusions of the Phase II effort. An additional Volume (II) provides

supporting data.
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II. DESCRIPTION OF PHASE II ANALYSES

As indicated in the Introduction, Phase II was concerned with an

extensive qualitative, and where possible, quantitative analysis of re-

lationships between the performance errors previously outlined in Phase I

(Ref. 1) and the following:

(1)
(2)
(3)
(%)
(5)
(6)

Pilot comments

Checklist presentation

Communicatlons blackouts

Changing spacecraft lnertia

Trends developed or additional investigations

Mission-to~baseline correlation.

1]
Additionally, the results of both Phase I and Phase II studies will

be discussed in terms of the applicability to the Apollo C/M. This dis=-

cussion will be directed toward recommendations for additions or modifica=-

tions to the existing C/M design, training program, and.operational mission.

1. Pilot Comments and SubJective Data Analysis

A. Review of Pilot Comments

Pilot comments were recorded during and after each simulated

mission as written answers to a number of debriefing questions covering

areas of general and specific interest., A typical set of debriefing

questions may be found in Table 3.




1.

2.

3.

4,

6.

7.

TABLE 3
PILOT DEBRIEFING QUESTIONS

Did you experience any stress during the mission? If so, please describe
in detail.

In general, how do you éhink your mission performance4compared to your
baseline (say, the last week or so of training)? In particular, were

there any phases on which you felt that your performance.was outstandingly
different, either better or worse, from baseline?

Of the items mentioned in response to the above question, & you feel that
you might have done the same thing (good or bad), in a typical training
trial, or was there something peculiar to the mission that might account for
the outstanding performance?

Do you feel that the recorded performance during the mission is indicative
of your ability to perform during the mission? If you were to fly another
such mission, say a month fiom now, how would your performance them compare
to this mission's performance?

Was any of the mission performance affected by the training level achieved
prior to the mission? That is, were there any phases on which you feel
more training would, have been desirable, in the light of your mission
performance?

Please rank the flight controls tasks as to difficulty and justify the

rankings.

Was the training program sufficient?
a, Number trials

b. Schedule

c. Lectures

d. Data Availability.



8.

9.
10.

11.

12,

13.

1h4.

15.

16. -

17.
18.

19.

2L,

TABIE 3 (continued)
10

Discuss performance measure.

Diséuss conduct of mission.

Discuss equipment performance.

Discuss mission food. Was it adequate?

a. Diet

b. Taste

c. Texture

Discuss mission duty cycle. Was it adequate?

Were the functions assigned to the crew within your capability?
What should be automated? ‘ |
Discuss the C/M diéplay pé.nel. %at changes do you recommend?
Discuss the LEM display panel. What changes do y;)u recommend?
Was the physical conditionig program useful?

Discuss the dynamics of both simulators. A

What value is this program to NASA?

What value is this program to the USAF? (And Navy)?

What value was this experience to you personally? |

What recommendations do you have to improve this simulation and

others of longer duration in the future?

These comments were analysed and categorized to pertinent mission/

system factors such as phase, task, system, etc. Frequency of category

occurrence was tabulated and compared with both performance and pilot

opinion ratings established in Phase I (Ref. 1).

e i
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Secondary sources for pilot comments included notations in wmission log

books and tape recordings of mission events involving Crews III, IV and '

Prior to analyzing these comments, according to phase, category and frequency,

a number of ground rules were established. These included:

(1) Separation of Comments by Crew Group - Comments for Crews I and II

(2)

were grouped together and separated from those grouped for Crews

III, IV and V. This was done not only to facilitate comparing the
two separate sets of comments but also to accomplish the basie
obJective of comparing questionnaire responses obtained from Crews
III, IV and V with their reported comments (questionnaires by which
pilots rated the difficulty of flight control tasks and phases were
only avallable for Crews III, IV and V). Adiitionally, the Phase I
investigation had also indicated a statistically significant differ-
ence in mission switching performance between Crews I and II combined
and Crews III, IV, and V combined (Ref. 1). Results of pilot opinion
ratings based on questionnaire and their correlation with pilot per-
formance are discussed and analyzed with relatidn to pilot comments
in Section 2 below.

Assignment of Categories to Pilot Comments - It appeared that several

pllot comments could be properly assigned to more than one specific
mission/system factor category. In such cases, the reviewers deter=~
mined the mosﬁ appropriate category for the comment in question,
based upon their knowledge of the mission and system. For example,
the following comment -- "Replace S~l1 pressure gauges vith green
light because if pressure is not right, there's only one thing to

4o = abort." from the debriefing notes, may be considered either

under a Display/Control or a System category. Because the pilot
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in this case appeared to be more concerned with the appropriates=
ness of system response indication, rather than the mechanics for
displaying responses, it was decided to assign the comment to a
"System" category.

(3) Comment Frequency - Comment on a specific item in each category

and phase was enumerated on an individual pilot basis. That is,
in no case was one pilot's comments on a particulér item counted
more than once in each category. However, if one pilot has stated
élmost identically the same words as another on a specific item,
his comments were counted in the "frequency” tabulation, though
not included under the descriptive "pilot comments" column in the
table discussed belov.
Presentation of pilot comments are presented in Table 4, Crews I and II
comments are reported in Table 3A, while Crews III,‘IV and V comments appear
in Table L4B. |

B. Subjective Data Analysis

The preceding section provided the basis for a subjective comparison
of recorded comments made by the pilots of Crews III, IV and V with results of
their opinions questionnaire responses. A questionnaire was developed to Obw
tain pilot opinion on the relative level of difficulty of flight control tasks
performed during various mission phases (Ref. 1). Each phase, as a whole,
was also rated on a scale ranging from "Very Easy" (to accomplish), to
"Very Difficult” (to accomplish). The questionnaires were administered to :
each pilot during debriefing sessions following mission completion. (See

Ref. 5 for a sample of the questionnaire used.) P

T A g

e




Phase

Category

Specific Item

Frequency

13

TABLE 4
PILOT COMMENTS

KEY TO USAGE
Refers to that time-portion of the Command Module (C/M)
mission in which-specific operations or events occur.
Phases are listed in Table 2.
Refers to a general classification divided according to four
basic areas of interest. Each area serves as a framework for
more specific items of comment. The four basic areas are:
"System" (including the entire C/M and its subsystems gee
Table 1); "Task" referring to a pilot operation performed or
programmed for the simulated mission, or in training for that .
mission); "Display/Control” (consisting of the basic components
by which the pilot switching or flight control tasks are per-
formed during each separate phase); and "Environmental" Iincluding
items separate from system operation which have some effect on the
well-being and comfort of the pilots).
Refers to descriptors of one or more words which specify the
man's subject or topic for a particular category's set of
comments. For example, "food" and "sleep” are the main topics
or items of interest for the "Envirommental category, whereas
"simulator dynamics” and "communications" fall under the "System"

category for all mission phases.

Refers to the number of pilot comments recorded for a specific
item of interest within a category. Only one comment per pilot
ca ¢f intersst wag emmerated in that area.

(Additional commants by the same pilot, or no comment on the

item of interest by another pilot were not included in the totals.)

e b . e B A RS




TABLE 4 (continued) 1
Pilot Comments - Refers to typical comments made by pilots on specific items
of interest within categories and phases. Comments were.made
on specific flight phases, as well as on all phases in general.
Although comments are for the most part paraphrases of re=
corded remarks, they in some instances verbatim in order to

substantiate, clarify or emphasize a particular point.
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Results obtained from the Pilot Opinion Rating qQuestionnaires were
'scored numerically from low to high. Mean levels acrdss pilots were calcu-
lated in order to obtaln a rating value for each phase. Misslion phase
values were then ranked and correlated with flight control performance in
terms of mission reliabilit& by bhase. Mean pilot rating for each C/M phase
are indicated.in Table 5 (Ref. 1). The higher scores indicate the "More
Difficult™ pilot ratings./

' | TABLE

MEAN PILOT RATING BY PHASE

Phase Phase Mean
TLI 2.35
TRN 3.61
PD 2.23
MCC - 2.26
I0I 2.22
TEX 2.63
EE k.05

These values indicate an evaluation of greater difficulty by crew
groups for Earth Entr& and Transposition phases. It is also noteworthy
i that questions on the difficulty or confusion-provoking aspects of display
location and interprétation had higher values for the TRN and EE phases in
comparison to other C/M phases ranked (Ref. 2). In addition, questionnaire
items on vehicle control difficulty, controL/display relationships, and diffi-
culty éf malntaining required pérformance level received their highest level

values for the EE and TRN phases.
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Comments from Crews III, IV, and V, as shown in Table kB, appear to
support the above questionnaire results, A total of 4l comments were made

on flight activities during speciflic mission phases, as follows:

EA=5

TLI, I0I, TEI =T

TRN = 5

PD= 5

EE =19

Total 41

The 41 comments represent 30.5 per cent of the total 134 comments recorded
in Table 4B for all phases, general and specific, regardless of cétegory.
Twenty-four (24) of fhe forty-one (41) comments (or about 60 per cent) pertain
to items occurring during the Earth Entry and Transposition mission phases.

In addition to the greater frequency of comments found for the EE and
TRN phases, inspection of the "pilot comments" column in Table 4B for these
phases reveals that nearly all'remarks are concerned with difficulties or
problems encountered in system operation or task perforﬁance. The pilots
generally recommended improved performance parameter presentation and dis-
play/control relationship identification.

The pllot comments data show close agreement with pilot opinion rating
values, in that Earth Entry, and to a lesser extent, Transposition, were iden-
tified as mission phases having more difficult and confusing operations and
tasks than any other phase.

It is noteworthy that Ref. 1. indicated no significant correlations between
pilot oninion ratings and flight control performance. Furthermore, although

it was demonstrated in the Phase I study that some crews performed better in

some phases, there were, in fact, no consistent phase affects on flight

control performance.




26

One of the reasons hypothesized for lack of significant pilot opinion
‘performance correlation results or phase effects i{s that the investigation
was based on flight control errors (those parameters beyond the mean plus 3
sigma baseline value). Since there were only 11 flight control errors re-
corded out of approximately 570 possibilities for error, it became very
difficult to establish any trends on the basis of a statistical investigation.
The reader 1is therefore referenced to Section II.4 of this report, which dis-
cusses "Control Rasponse to Changing Spacecraft Inertia," For that analysis,
raw flight control data were used and the results indicated that the EE phase d
exhibited significantly poorer performance than any other phase investigated.
This result was demonstrated in baseline, mission, and normalized (by baseline)
data. (TRN was not included in the analysis).

Thus, it can be argued that the pilot opinion ratings and comments were
a valid index of relative phase difficulty, although performance efficiency ‘

(reliability) was not sufficiently variable to demonstrate any correlations.

2, Checklist Errors ) s

In Phase I each switching and flight control error that occurred during
the simulated mission was described along with its probable error etiology. The
probable causes were summarized in tables for each crew, Crews I and II combined,
Crews III, IV and V combined, and all crews combined. One of the categories of
error etiology w#s "checklist" which referred to "those errors which may not have
been committed if the checklist were more clear and detailed..... This category
also includes the errors resulting from an inconsistent and indistinct checklist
format.” b

None of the flight control errors were attributed to checklist deficiencies. ¥
The frequency of switching errors that were considered caused primarily by the |

checklist are indicated in Table 6.

f

R
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TABLE 6

SWITCHING ERRORS ATTRIBUTABLE TO
PIIOT CHECKLIST

CREW COMBINATIONS

I&II III, IV, Vv ALL

Number of Checklist Errors 37 4 41
Total switching errors 222 19 2k1
Per cent of checklist errors 16.7 21.0 17.0

Although the percentage of errors for Crews III, IV and V combined 1s
higher, it can also be noted that the total number of errors due to checklist
are mach higher for Crews I and II. One of the reasons for this is that the
checklist was found to be incomplete on certain operations (notably the com=
puter "UTEL" switch, "IFTS," and "Lamp Tesf" operations), following the second
missioh. As a result, the éhecklist was refined prior to its use by Crews III,
IV, and V.

An analysis of switching errors indicated that the bulk of the Crews I and
II errors considered a funcuion of the checklist were mainly items that had been
omitted from the checklist during various mission phases, whereas the checklist
errors for Crews III, IV, and V were largely a function of throwing only one of
two switches because the checklist was unclear as to number of operations.

It was decided that the checklist used by Crews III, IV and V should be
examined in order to determine if any recommendations for the Apollo crew
checklist could be developed. Only the C/M portion of the checklist was
analyzed.

The checklist (illustrated in Ref. 5) was organized sequentially with
the exception of certain mission phases and operations, which were included

at the end of the C/M checklist., These operations, which were performed at
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various times throughout the mission, are lided below:

(1) Position determinations

(2) MU and midcourse corrections

(3) ' sytem checks )

(4) Tape record/play sequences. 7

Fach mission phase noted in the checkllist was rated by four individuals
conversant with both the system and the checklist., This rating evaluation
was'ﬁade with the concept that the checklist was an operational tool rather than
a training device, Thus; it was assumed that the user had a working knowledge
of the system operation and did not require a complete set of detaiied pro=
cedures. v |

The rating was on a thfee-point scale where 3 = good, 2 = fair, 1 = poor.
The following criteria wére rated:

(1) Component Identification - How well was the component(s) identified? .

(2) Number of Operations - How well was the number of operations for
each step identified?

(3) Operation Identificaﬁion - How well was the step identified
(e.g., "On" position)?.

(4) sSequence - How well was the sequence of operational steps identified?
This was only rated when sequence of operation was ilmportant.

(5) Response - How well was the system response to be monitored identi-
fied? This was only rated when a lamp was illuminated or a meter
was read following a requisite switch operation (e.g., switch to
Battery A and check to insure that meter 1s in green band).

Teble 7 indicates the results of the checklist ratings. .
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TABLE 7

RESULTS OF CHECKLIST RATINGS

Component Operation Response
Identi- Number of Identifi~ Identifi-
o Rating fication Operations cation Sequence cation
(6o0d) 3 Freq. 621 595 - 601 ) 109
o]
% 95.1 9 92 87 55.9
Freq. 22 40 33 3 26
(Fair) 2
3.4 6.1 5.1 k.3 13.3
( . Freq. 10 19 19 6 €0
Poor
1.5 2.9 2.9 8.7 30.8
TOTAL 653 653 653 653

From the table it i1s evident that "Component," "Operation," and "Number
of Operations™ are fairly well identified in the checklist. The "sequence"
category was not rated as high as the first three, mainly because wmeveral
switches were origlnally printed out of sequence rather than reprint the
checklist, and arrows were drawn to the appropirate position in the opera-
tional sequence. The "response" category was rated an order of magnitude
lower than the first three categories. In most cases, this was caused by
the lack of reference to the illumination of a push~button switch. That is,
a switching operation which had a light associated with it would be identi=
fied, but the illumination action was not. However, a lamp of this sort
only failed to illuminate in the simulation as a result of some malfunction.
Since no malfunctions were programmed or occurred on any of the "illuminated"
switches, there were no mission errors associted witﬁ the “response™ category.

For an operational system, the checklist should indicate that "Iight A" should
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illuminate as a function of "Operation A." It is also noteworthy that criti;
cal -switch operations were not identified in the checklist. This requirement
was recognized by several of the pllots, however the criticality investigation
performed in Phase I (Ref. 1) indicated that no critical switching errors were
committed.

A second rating was performed on the checklist as a whole according to
a five point scale where 5 = excellent, } = very good, 3 = good, 2 = fair,

1 = poor. The criteria and associated ratings are indicated in Table 8,

TABLE 8
RESULTS OF RATING OF TOTAL CHECKLIST

CATEGORY R RATING

a. Presentation (format, standardization, etc.) : 2
b. Position identification (pilot, navigator or engineer)
c. Phase identification (é,g., Transposition)

d. Detall

v N

e. Time treatment (mission-time indication)

Each of the categories are discussed belov.

(a) Presentation - The checklist was found to have a large number of

inconsistencies in format. This point was noted by nearly all

the pilots. It is recommended that for an operational system

a checklist should be standardized for all phases,
(b) Position Identification - In the margin, following each operation
- the appropriate position was denoted by a "P" (Pilot), "E"
Engineer, or "N" (Navigator). This approaéh provided an unam=

biguous presehtation of responsibility and séqnence for an act.

(c) Phase Identification - At the top lefﬁ corner of each page was an
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indication of the current phase. This permitted rapid reference
to the appropriate set of pages for a particular phase.

(d) Detail - in general, detail was adequate, except for.system checks.
During this phase, which occurs eleven times in the mission, several
operations are performed which are not described in sufficient detail.
However, it 1is noteworthy that the phase investigation described
in Ref. 1 did not indicate any poorer performance during system
checks.

(e) Time Treatment - Mission time was treated inconsistently on the
checklist. Since, during the operational mission, a crew member

may only use the checklist for a quick reference, he muast be able

to acquire the appropriate step rapidly. When possible, mission

times within a phase are the most appropriate way to do this.
The development and evaluation of a checklist is not directly spearabie
from the evaluation of a training program. It must be remembered that the check-
list was used as a training aid, as well as an operational tool. One would

expect that is a checklist is used solely as a mission aid and the training level

is high, the importance of the checklist presentation is reduced. Conversely, if

a mission is performed directly from a detailed checklist, its accuracy and

presentation are much more critical.

The results of the error etiology investigation performed in Phase I
(Ref. 1) indicated that Crews I and II had a combined percentage of mission

errors due to the training of 35.1%, while Crews III, IV, and V had no errors

attributable to training. Thus, it can be hypothesized that since Crews I and

II were not trained to as high a performance level they reviewed the checklist
more closely during the mission and were, therefore, less likely to make errors

due to the checklist ambiguities. Crews III, IV and V, because of the higher
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level of training, used the checklist less often during the mission. This
may explain why Crews I and II committed 15.7% checklist errors while Crews
III, IV, and V committed 21.0% (Table 6).

However, as pointed out earlier, Crews III, IV, and V had a higher per-

centage of checklist-to-total errors than Crews I and II. The explanation

for this 1s simply that the refinement of the checklist between Crews II and

III was not as complete as the commensurate refinements that were applied to
the training program. Thus, although the checklist was improved, the traine
ing program was improved to a greater extent.
Of‘pertinence to the operational C/M checklist are the folloﬁing
recommendations obtained from this analysis;
(a) The checklist should provide a clear, unambiguous presentation
'of opérations in a standardized format.
(b) The operations should be time-referenced in the checklist for
easy location.
(c) The critical tasks should be indicated in the checklist.
(d) The checklist should be sufficiently detailed to be used as a
- training tool, particularly in those phases which require a
large number of switching operations, such as system checks.
Thus, the pilot not only becomes familiar with the system, but,
also with the checklist he is to use as an operational tool.

3. Communications Blackout Effects

During the Lunar Orbit phase, the C/M will pass behind the moon and
vbiqe contact will be lost. This condition was replicated in the lunar
simulation. Additionally, all Crews sustained a simulated malfunction in
voice communication of a six hour duration. Thus, i3.37 hours of each 168-

hour mission were marked by an absence of voice contact. It was, therefore,
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of interest to determine if there were any deleterious effects on performance.

For Crews III, IV, or V, the following mission phases ware performed during
communication blackout periods; the number in parenthesis indicates the total
number of reﬁitiﬁions per crev.

(a) Lunar orbit insertions (3)
(b) Navigation fixes Fi-FlO.(lO)
(e) muU-MCC F1-F2 (2)

(d) Systems check No. 6 (1)

Since Créws I and II experienced the simulated communications malfunction
during inactive periods there were insufficient data collected for individual
crev analysis. However, analyses were performed on Crews I and II combined.

Because of the high rate of performance and extremely low variability of u
flight control data, flight control error measure was not subjected to'this ‘
analysis (Ref. 2). This was also true of the guldance and navigation per-

formance data.
The switching performance for phases (a) to (d) above was compared with
four phases selected from the mission. BEach of the selected phases listed below

vere from & different mission-time period, and were similar iﬁ task content to -
the blackout counterpart.

(a) 10I against TLI

(v) NF-F é.gainst NF-B

(¢) IMU-MCC-F against IMU~MCC-6

(d) Systems Check No. 5 against Systems Check No. 6.

In order to preclude any effects resulting from varying phase difficulty,

each mission phase reliability (RM) was normalized by baseline reliability (BB)

for that phase using ihe formula;

Ry = B/ . B 5
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Since low variability was also demonstrated for switching data, the non-
parametric, MannANﬁitney "U" Test (Ref. 6) was selected. The results are ine
dicated in Table 9.

TABLE

MANN-WHITNEY U TEST RESULTS:
COMMUNICATION BLACKOUT EFFECTS

Crew U Value
II1 5
v 3
v 8
I-II 13
ITI-IV-V 7
All 4

No significant results

The data indicate that there were no significant differences in switch-
ing performance comparing the phases analyzed as a result of the communica-
tion blackouts.,

As stated earlier, there wasinsufficient error occurrence to permit a
comparison of flight control error data. In the following section, howvever,
certain raw flight contr;l scores were normalized and analyzed to study the
. effects of changing spacecraft inertia on control response. Each insertion
was compared with the other two insertions. Since IOI was performed in the
absence of ground communication, it was felt that an effectmight be demon=-
strable with raw data, even though that effect might not be sufficient to

cause a flight control error.
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It can be seen from Table 16 that the normalized raw error &cores are,

indeed, higher for IOI than the other insertions. However, it is also noted

that rav baseline scores were significantly higher during LOI (Table 12){_
with no apparent explanation, since the insertion flight tasks are neariy
identical and communications were notiRterrupted during training. Therew
fore, these may be an effect on flight control performance due to communi-
cations blackout which is not sufficiently degréding to éause an error.
This conclusion, however, is doubtful since the communications blackout
periods had no apparent effects on mission switching performance, and the
significant difference between LOI and the other insertiohs was also demop-
strated in the basellne data (Table 12), where there was no communication
blackout simulated.

L, Control Response to Changing Spacecraft Inertia

In its initial configuration at lift-off the Apollo vehicle will con=
the Saturn IV-B (SIV-B) Booster, Service
Dur=-

sist of four separate modules:
Module (SM), Lunar Excursion Module (LEM), and Command Module (C/M).
ing various phases of the lunar mission, all of the above modules, except
the C/M, are jettisoned. As thevvehicle mass decreases, véhicle inertia
is altered, thus altering the vehicle control response characteristics
unless the thrust moment 1s latered appropriately.

The lunar landing simulation incorporated these inertia changes into
the analog equations for C/M motion during the pertinent phases. Thls sece
tion shall describe the analyses performed to determine the effects of

changes in control response on the obtained flight control performance.



A. Method

(1) Control Response Measurement

The change in control response characteristics was measured as
the change in maximum angular acceleration avallable during the appropriate
flight control phase, aé derived from the equations of motion in the analog
program for each phase., Figure 3 indicates the various phases in which the
control response differs, the associated maximum angular accelerations, and
the vehicle configurations.

"One would'expect that as long as control response is not excessively
sensitive, increased maximum angular accelerations available would result
in higher performance levels, since the spacecraft is easier to control with
a given stick deflection. However, for this study this was not the case.
During EE, the pilot was required to track a rapidly changing nominal roll
needle. In order to perform this'task, the pilot was forced to employ the
attitude controller to its limit. This meant that the pilot had to make
maximum use of the control response characteristics in order to make the
requisite maneuvers, whereas only a small percentage of the maximum atti-
tude control power available was required during the 1nsertions. f

Thus, it was expected that pilot performance would be lower during Eg
and no difference ﬁould exist in error scores between the insertions. If

differences between insertions were demonstrated as a function of chaming
inertia, it could be expected that TLI and I0I would have equal performance

with TEI attitude errors differing from TLI and IOIL.

(2) Pilot Performance Measure
- Pilot crew score was used as the performance parameter and vas
measured in the following manner:
}.(a) For any given attitude control operation, the task was to

obtain a particular attitude in the most "error-free" manner
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by maintaining a "zero" attitude error indication on the

appropriate display.

(v) Pilot performance was measured as an lntegrated deviation in raw

score from the nominal over time as in Fig. 3.

360 Nominal

Error

180}

Pilot Performance

Attitude X Reorienta-
tion Control (%)

7

Fig. 3. Example of Derivation of Perfofmance Parameters
for Attitude Control

(¢) For each attitude control for a phase, the continuous attitude
errors are distributed with a mean of Xe average and a standard
deviation of X.SD where X represents the attitude axis being

controlled.

Table 10 indicates the performance measures for each phase.

- ot e 4,

=
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TABLE 10

MISSTON TIMES, SPACECRAFT CHARACTERISTICS, FLIGHT
CONTROL PHASES AND PARAMETERS CONSIDERED IN
THE ANALYSIS OF SPACECRAFT INERTIA

EFFECTS ON PERFORMANCE

Mission Mission Flight A
Time~Interval Spacecraft Control (FC) Related FC
(hour) Modules Phase Parameters L
0-4:25 Command Service Trans ILunar ~=average pltch
Module/Lunar Ex= Insertion (TLX) error (0 avg)
cursion Module/ e _
SIV-B --standard deviation
(CsM/LEM/STV-B) of pitch error
(e SD)
k:25-7h:05 CSM/LEM Lunar Orbit --0, avg
, Insertion .(10I)
~-8, SD
Th:05-165:15 CSM Transearth ‘
Insertion (TEI) --8, avg
| --8, SD
165:15-168:00 CcM " Earth Entry (EE) --average roll error
(¢e avg)

--gtandard deviation
of roll error

(P sD)

Since rav scores were employed in the analysis, it should be pointed
out that none of the parameters were beyond the flight control error criteria
(mean plus 3 sigma) for any of the four phases analyzed. Consequently, only
relative differeﬁces could be demonstrated between phases.

buring the five weeks of intensive training, the various mission phases
were randomlized in order to control effects due to time, massed trials, fatigue,
recall, etc. Since the control response for a given phase was identical for
both training and.mission, any differences in pilot performance should have

been demonstrable with the baseline data as well as U 1 data.
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The first step, then, was to cowpare baseline data for phase differences.
From Table 10, it can be seen that the measures for the Insertions are ex-
pressed in "pitch," whereas EE required a roll control, thus, the scorgs re-

quired standardization for comparison purposes. The baseline scores for all

pilots were converted into a single standardized distribution using the

statistic: : X - o
2y = __i..g_.&_ Eq. 6
vhere:
Z1 = standard score
Xy =an individual score
X = mean score

standard deviation

The data were then subjected to t tests for each parameter (Ref. 7)

which tested the relationships outlined in Table ll.

TABLE 11

TESTS PERFORMED FOR DIFFERENCES IN FLIGHT CONTROL
PHASES WITH CHANGING SPACECRAFT INERTIA

I LT TEL EE .
TLI t test t test t test
o1 't test t test
. TEL t test

As stated earlier, 1f control response had an effect on performance, one could
hypothesize that the distribution of significant t values would be the same as
in Fig. 2. This, however, would not constitute definitive proof since any
differences might also 5e due to differences in task complexity, workload,
displays, etec.
The next step was to treat the mission data in the same fashlon as base- : .

_ line with the expectation of similar results.
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It was also necessary to analyze the mission data in terms of baseline
performance levels. That is, if consistentsignificant differences occurred
between the phases in both mission and baseline data, this would only be in-
dicative of some difference in complexity between the pha;es, possibly con-
founded by extraneous factors such as mission time. If the mission data were

normalized by the method;

Mission Performance Egq. 7
Normalized Performance = Baseline Performance

it might be possible to determine if any extraneous effects were contribu-
ting to any significant mission results developed. Two alternative results
were possible:' ‘

(a) If differences between phases were developed with the normalized

' data, it would indicate that extraneous variables such as mlssion
time, diurnal cycle, etc. had confounded any possible control
response changes. This result would not precludé the existence
of control response effects.

(b) If no differences were developed between phases for the normal-
ized data, it could be concluded that phase performance levels
obtained in the mission were similar to those obtained in base=-
11ne,and consistent significant differences were due entirely
to differing complexities in phase tasks. One of the possible
complexities could be a function of changes in control response

characteristics.
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B. Results

(1) Baseline Analysis

Tables 12 and 13 indicate the results of the baseline data

analysis for the two sets of parameters.

TABLE 12

t TEST RESULTS, CONTROL RESPONSE EFFECT, AVERAGE
ATTITUDE ERROR, BASELINE

TLL Ol  TEI B
* Significant at

TLI 2.304% 3,724 420 © .05 level
101 C LT 603 #* Significant at
} . «OLl level
TABLE 13

t TEST RESULTS, CONTROL RESPONSE AFFECTS, ATTITUDE ERROR
STANDARD DEVIATION, BASELINE

TLY 101 TEI EE
TLI © O 1.302 0  -137.82%%  *Significant at
‘ .. -+05 level
1OI 171 -172.853%* ‘
’ **Significant at

=21k, 8%% .01 level

As can be seen, there are significant differences between TLI and IOI,
and TLI and TEI in average attitude error which is lowest in TLI. TLI and
I0I have the same control response characteristics (see Fig. 3). Therefore,
there 1s some other variable affecting IOI performance.

Table 13 indicates that EE was significantly different from the inser-
£ions in attitude error standard @&viation. Since the difference between EE

and the insertions in maximum attitude acceleration available is much greater
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than between the Insertions, the results might indeed be due to changing
control response. However, fhe reader 1s referred to the discussion in
the section on Method which indicated a fundamental difference between the
maneuvers for EE and the Insertions. Thus, if the EE task is, indeed, more
éomplex as the data suggest, one would expect this to be reflected in the
attitude error standard deviation rather than in average attitude error.

Since the significant t values are negative, the higher error scores vere

obtained in the EE phase.

(2) Mission Analysis
Tables 14 and 15 indicate the results of the mission data analysis.

TABLE 14

t TEST RESULTS, CONTROL RESPONSE AFFECTS, AVERAGE
ATTITUDE ERROR, MISSION

TLI  I0I TEI EE
. *Significant at
TLI «3.688%¢ -0.332 1.047 .+05 level
} I0I 7 3,397#% 1.115 **Significant at
. --«01l level
TET 1.055
TABLE 15

t TEST RESULTS, CONTROL RESPONSE AFFECTS, ATTITUDE
ERROR STANDARD DEVIATION, MISSION

TLI 101 TEX EE

0] -1k4.34o%% *Significant at

TLI 1.702
.05 level

| -.385 - 9.933%*

IOX
**Significant at

TEI =10.268%% . .01 level
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Once again, the data indicate a significant difference between TLI and
10I in average attitude error, There is also a significant difference be=-
tween LOI and TEI in average attitude error. As noted in Section I, TEX
was the phase in which the pilots were apparently most aware of an adverse
change in control response. The appropriate mission lag indicated that one
crew perceived such a lag in the stick that they dismantled it to trouble-
shoot the problem. The lag indicates. that the crew was convinced during the
TEI that the control stick had malfunctioned. The data, however, indicate
that for all missions combined, TEI demonstrated lower average attitude error
than LOL. Thus, the pilots perceived a malfunction in the stick although
the stick characteristics were unchanged from the training trials. The lower
average attitude error obtained during the TEI phase may have been the result

of the pilots perceiving the apparent stick lag and compensating for it. Thus, ’ ‘

performance may have been enhanced by the pilots increased attention to the
task.

It is hypothesized that the perceived excessive lag in control responseb
was largely due to the recently completed lunar landing in the LEM which had
vastly different dynamic characteristics. From Figure 3 it can be seen that the -

vmaximum attitude acceleration available in TEI was .59 deg/secz. The value for
the same parameter in the LEM was 22 deg/sec2 (Ref. 2). Thus, the LEM had a much
more sensitive control response.

The results illustrated in Table 15 axe identical to those for baseline for
attitude error standard deviation although aﬁ order of magnitude lower. EE per-
formance was significantly worse in attitude error standard deviation. Thus, the
hypothesis of an effect due to changing control response cannot be rejected.

(3) Normalized Analysis

Tables 16 and 17 indicate the results of the analyses perfqrmed on ‘
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mission data normalized by baseline levels,

TABLE 16

t TEST RESULTS, CONTROL RESPONSE EFFECTS,
AVERAGE ATTITUDE ERROR, NORMALIZED

TLI 101 TEI EE *Significant at
.+05 levels
TLI -3.361%* 0,860 0.202
.. ** Significant at
101 0.888 2.878%* . 01 level
TEI -0.516
TABLE 1

t TEST RESULTS, CONTROL RESPONSE EFFECTS, AVERAGE
ATTITUDE ERROR, STANDARD DEVIATION, NORMALIZED

TLI 10T TEI EE
TLI -0.181 -.031 -2.48g% *Significant at
' . 05 level
10I +0.254  =3,20h%x
. **Significant at
TEI . . =4.276%* .01 level

TLI was proven to contain significantly poorer performance than IOI in
average attitude error. No loglical reason for this is readily available.
Both maneu&ers are similar, and control response is identical. Alsd, average
attitude error was significantly émaller for EE than LOI, suggesting that,
when compared to baseline performance, mean pilot performance on EE was
superior to IO0I.

Table 17 indicates the same trend as in the baseline and mission data
analyses. This suggests that there was some extraneous effect(s) on pilot

performance, most likely, mission time. Section 6 of Phase I suggested a

cimilar miccsion-time affact on gswitching performance wriability. with incon-

—— SELRE o2 ar

clusive time effects demonstrated with flight control error data. Whatever
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extraneous variables may be, there is inconclusive evidence for rejecting
the existence of a control response effect, since thebaseline analysis in-
dicates a difference in performance between phases.

C. Conclusions |

The following conclusions can be drawn from the analyses described
above:

(1) sSome phenomenon had an apparent deleterious effect on IOI per-
formance‘in average attitude error. 1In all three analyses, IOI performance
was significantly worsé thﬁn TLI, and in one case worse than TEI. No reason
for this diff;ré;ce'is apparent since there is no difference in tasks except
for the magnituae bf attitudes and imparted velocity and no diffefence in con=-
tr;l response between I0I and TEI. One possible explanation is that crew work-
load is relatively light for approximately 64 hours prior to ILOI preparation.
This would support the conclusion of the Phase I Study (Ref. 1) that mainten~
ance of a constahﬁ workload may be a more critical consideration than the mini-
mization of workload. An alternative explanation might be that the anticipation
of the LEM mission may have had a deleterious effecﬁ on IQI performance. How-
ever, the above conclusions are somewhat precluded by the significant differgn-
ces evidenced 1n the baseline data analysis.

(2) Performance in EE was also consistently worse than other phases in all
analyses of attitude error standard deviatlion. This initially suggests that
the EE task was more difficult, but this does not explain the significant
results developed from the normalized data. Some mission-time effects or
anxiety at impending touchdown and an end to confinement might have had a
deleterious effect on performance. But, since each of the phases falls

roughly in succeeding mission~time quartiles, one would expect that a mission=-
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time effect would be demonstrable across the entire mission. This was not the
case. If a mission-time effect does exlst, it is expected that it would be
commensurate with switching data time effects (Ref. 1) which indicated a sig-
nificant difference between pre- and post-LEM performance.

3. The data are inconclusive concerning control response effect. The dif-
ference; in attitude accelerations between-ELI, I0I, and TEI are small enough
so that a lack of significant results would nof be surprisihg. Since the nor- |
malized data showed consistent significant differences between EE and all other
phases, it must be concluded that some variable affected performgnce during
that phase. If any control response effects did exist in EE, they were most
certainly confounded by any other effects that may have been present, and the
nature of the data is such that any separation of these effects is impossible.

In order to perform a study of control response effects using the integrated
mission simulation technique, it would be necessary to replicate each flight
control phase under different control characterlstics. For example, TEI train-
ing trials could be performed using three different attitude céntrol power set-
tings. During the simulated missions each pilot ﬁould perform thre¢ TEI's, one.
under each control response condition. The nine condition/pilot test configura-
tions would be randomized to prevent mass-trial effecté. This experimental
design runs the risk, however, of reduced face validity, with the possible coﬁ-

sequence of reduced pilot motivation.

5. Data Trends and Additional Analyses

A. Ygometric Pérformance o

During the simulated mission, the pilots were required to perform

a series of isometric exercises, using a speclally designed device, in order

Lo biminbain muscle btonus in the confined space. Performance was measured as



voltage traces on an osclllograph recorder, and converted into "load displaced.™
Five exercises were performed: Xknee, behind thigh, walst, shoulder and over
head. For purposes of this analysis, the knee, waist and, shoulder exercises
were considered indicative of pilot performance over time as they represented
the entire range( of load displaced. Individual pilot performance is illustra=-
ted in Fig. 1 in Volume II of this report. ‘

Original analyses of exercise performance are detalled in Ref. 2. A
mission decrement was indicated as a result of these analyses. Pre-and poste
mission exercise scores were generally higher than mission performance. This
was attributed to such variables as reduced volume of the C/M, reduction of
general activity level, requirement to perform late at night, etc.

The obJective of the present analysis was to determine if there weré any
trends over timé in isometric performance as opposed to:

(a) switching performance ‘
| (v) Biomedical status (i.e., blood pressure, temperature,and pulse).

One possible application 6f such relationships is that pilot performance
on‘an impending fhase might be predictable from exercise perfoFmance if a con=-
sistent trend-could be demonstrated.

Since very little mission performance variability in both flight control

‘and navigation tasks was demonstrated (Ref. 2), no attempt was made to in=-
clude these measures, &s eny correlations obtained with one variable constant

are meaningless.

In order to arrive at a measure of isometric performance which was not
blased by individual differences, it was necessary to standardize performance ?
measures across all plots. The pilots performed maximum strength tests prior te

and subsequent to dach mission. These scores were assumed to represent the

relative strength of the pilots, and were averaged to provide a baseline level. ‘
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The_baseline score for each exercise was divided into each mission score on
that exercise, thus factoring out individual differences in strength.

Specified mission times were indicated in the (Ref. 8) for both exercise
and biomedical data acquisition, but because of interferences with the worke-
rest cycle (e.g., the off-duty pilot was required to take biomedical data on
the duty pilot, and he was frequently asleep) occasional lapses occurred,
some as much as two hours.

In order‘to provide equal number of scores in each time interval, the
data for all pafofmance measures (exercise; biomedical, éwitéhing) were
arranged in l6-hour mission-time blocks. This provided a logical temporal
breakdown, since the specified mission phase was divided into two intervals.

Exercise performance was then correlated with the other data for each
crew individually, Crews I and II combined, Crews III, IV, and V combined,
and all crews combined, using the Spearman Bank order Correlation (Ref. T).
Figure 4 indicates the correlations performed. Standardized exercise scores
vere grouped over the mission-time blocks by use of the arithmetic mean.

The remalinder of this section shall indicate the results of the two
types of correlation analyses performed.

(1) Exercise by Switching Performance Comparison

Switching berformance reliability was measured over each 16=hour
mission~time period as indicated and corrdated with isometric performance
for each crew individually, Crews I and II combined, Crews III, IV and V
combined, and all crews combined.

The results of the correlation analysis appear in Table 18.
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Correlation Test Results, Standardized, Isometric

Crew

II
III

I=-II
II-IV=-V
All

X Switching

s
-0.127
0.164

=0,051

+NT - No test

+0.479
+
NT

-0.27
No significant
-0.24 correlations

0.076
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Crev V vas not tested since only three switching errorswere committed during

thg mission.

As can be seen from Table 18, no significant correlations were developed

between sitching performance and exercise performance.

(2) Exercise by Biomedical Performance Comparison - The mean of each

~ four biomedical parameters was found for all pilots in a crew. Since, in

general, the pilots had an equal number of measures in a given time interval,

the arithmetic mean was considered a reasonable index of crew biomedical

levels.

The results of the correlation analysis are plotted in Table 19.



'Crew Temperature

I No data
II -.563
III -.070
v .282
v -.269

" I-II -.318

III-IV-V -.054
ALl +0.248

TABLE 19

Correlation Test Results, Standardized Isometrix X Biomedical

Pulse
=054 |
-.382
0. 39k

479 ~
e 818**

‘01.00 )
-.o5h

0.139

* Significant at the .05 level

** Significant at the .0l level

Blood

Pressure (Dias)

53

Blood
Pressure (Sys)

-.115
«297
-0.391

139

-. 148
~.473
-.T2T*
-0.200

0.249
170
-.370
.312‘
.5h2
.zzi
1.h2
0.164

As can be seen from this table, only one result, Crew V exercise by

diastolic blood pressare was significant at the.Ol level, and only

Crews III, IV, and V combined exercise by systolic blood pressure was

. significant at the .05 level, Thus; no consistent trend was demon-

strated between exercise performance and biomedical status.

The analyses described above indicate no apparent relationships between

exercise performance and other indices of mission performance or physiological

levels. The isometric and biomedical performance levels are subjected to a

diurnal variation analysis in the next section.




B.

Ref. 1 and illustrated in Ref. 8. The essentials of this duty cycle were

DIURNAL CYCLE
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The duty cycle employed in the simulated missions was discussed in

the following:

(1)
(2)
(3)
(#)

(5)

Where possible, the duty period should not exceed 2 hr. However,

an axception had to be made during the lunar landing phase.

The sleep periods are 4 hr in duration for any one period.

Two U<hr sleep periods are provided every 24 to 26 hr.

An off~-duty period usually precedes and follows a sleep period to

allow for acclimitization to sleep and awakening,

Normally no more than 2 hr of off-duty occur during any period.

In general, the pilots were not provided any time prior to the mission to

adapt to the duty cycle.

In the operational system, long delays may be en=

countered prior to launch, thus precluding the allotment of time for duty-

cycle adaptation.

operationaL fideltly

Thus, no adaptation time wasprovided in order to preserve

Considerable data are available in the literature concerning the effects

of various work-rest cycles and day/night shifts on both physiological status

and operator performance. Some investigations have suggested, for example,

that a five day adaptation period is required before an invididual enters a

new work-rest schedule (9).

be required before complete adaptation takes place (Ref. 10).

Van Looi

(Ref. 11) on the other hand, has found that adaptation of more than one

Others have stated that two to three months may

vweek 1s useless if there is as much as one day reversal to a normal diurnal

cycle.
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It was of interest to determine if any of the measures collected were
subject to any diurnal variation, and if so, how tﬁese variations compared to
thevliterature. Bilomedical, isometric, and switching data were categorized
temporarily and Sub3e6£ed to statistical tests. The analyses are described
in the following sections.

(1) Biomedical

As pointed out, during the lunar landing simulation study (Réf. 2) data
were obtained on the physiological parameters of pulse rate, systolic and
diastolié blood pressure, and oral temperature. The schedule called for each
of these measures to be obtained at 8 hour intervals, plus or minus 1 hour.

The parameters were analyzed to determine the existence and nature of
any variatlions across time intervals and whether any day-to-day adaptation
occurred..

Before discussion the results, it should be pointed out that the pilots
vere well-trained, young, hesthy individuals, and based on the minimal number
of trends thus far developed, apparently under nd appreciable’stress during
the mission. _

(a) Six-hour Interval Variations

The biomedical data were analyzed for diurnal variations by plotting the
data for each pilot against time. . These plots are shown in Fig. 2 of the
Appenliix. Inspection of these curves indicate, in general, that there is some-
what of a c?clié nature in the physiological parameters measured. However,
this 1s noﬁiconsistent vwith each pilot through the mission, nor do all pilots
show the séme type of pattern. Normally one would expect to find the measures
lovest in the morning hours and somewhat higher in the evening hours (Ref. 11).
This does not séem to always be the case. One could argue that due to the

work-rest cycle the diurnal cycle has been shifted, however, the available
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literature suggests that a shift would probably not occur at the beginning of
? the simulation, if at all during 7 days (Refs, 9, 10, 12), since the pilots
were placed on the schedule a maximum of 2 days prior to the mission.
! To further analyze the diurnal cycle it was decided to pool.the data for'
each crew, Thé data were divided into four 6-hour time groups 15 the followe~
ing manner: Group I - 0500 to 1100, Group II -~ 1100 to 1700, Group III - 1700
to 2300, and Group IV = 2300 to 0500. 'The two periods between 1100 and 2300
were taken as PM measures with the other two periods taken‘as AM measures.
~ The groes time effecton the bilomedical measures Wwas de;erminea by compafing
the four intervals as follows: I-II; I-I111, I-1Vv, II-III, II-IV,'and III-IV.
The null hypothesis required equal mean levels for a ‘given bilomedical measure
for each time interval compared, xl = X5. The ;est selected vas a t-test
(Ref. T7) to evaluate the significance of the difference between interval
means. The analysis was performed for each biomedical measurement, the results ‘
are shown in Table 20. It can be seen that of the 120 comparisons made, only
27 show significance at either the 0.05 or 0.0l level. Of these 27 significant

comparisons, 7 were from the pulse rate data, 3 from the diastolic blood pres#'

awre, 5 from the systolic blood pressure, and 12 from the oral temperature data.

It is further seen that 17 of the significant values are related to the 2300~
0500 time period.
The analysis described above was also performed on the pooled data for
all crews and is‘indicatedin Table 21. Here it is seen that there are 6 sig-
nificant values out of 24 comparisons. All of which are related to the 2300 ;

to 0500 time period. As in the analysis by individual crews, the majority of

the significant values are related to oral temperature and pulse rate.

) o i a .. . .- - e e s ‘._- - —




TABLE 20

t Test Results - Biomedical, Diurnal Cycle,

Temperature
Pulse
BP(D)

BP(S)

Temperature
Pulse
BP(D)

BP(S)

Temperature
Pulse
BP(DIAS)
BP(SYS)

Individual Crews

CREW I - TIME CATEGORY

I-II
.260
0.01
ko

009

CREW II - TIME CATEGORY

8. 46
.67
40
e

CREW III -
«1.07
-0.48
-1.19
-1.54

#5ignificant at .05 level

**xSignificant at .0l level

I-III I-IV
1.0k L ho*x
0.22 0.32
.10 .96
1.06 1.72
-3.25%%  2,30%
-.36 1.32
-39 053
-.62 -.25
TIME CATEGORY
1.31 0.73
-1.67  0.65
-0.65  0.08
0.93 0.37

II-III
45
0.53
.22

+ Th

*35
=73
-1.08

<0.08

0091".
0.51

0099

7

II-IV
1.46
=0.007
85

1.24

3.21%%
2.46%
.18
-.69

1.80
1.31
0.97
2.39*

III-IV
+35
-0.53
57

3.61%#
2.39*%
19
.27

2.33%
2.89%»
0.84
1.60



Temperature
Pulse
BP (DIAS)

~ BP (SY¥S)

Temperature
Pulse
BP (DIAS)

BP (SYS)

CREW IV- TIME CATEGORY

I-I1
~3.00%*
-1.05
0.21

0.70

CREW V - TIME CATEGORY

-lo 52
=3.13%*
2.27*

2.55%

TABLE 20 (continued)

I-III I-1v
-3.6T%%  0.00
-0.25 1.29
1.07 0.9k
0.68

1.46

*¥Significant at .05 level
*xSignificant at .0l level

-0.30 1.25
-1.35 1.b7
-0.60 0.60
0.10 2, Thx
TABLE 21

II-III
-1.07
0.81
0.73
0i0k4

-0.25

1.59
~3.96%%
SR AE L

II-Iv
1.95
2.16*

0.59
1.02

2.60%

3.90%x
-2.h2x

ﬁ.m

t-Test Resulfs, Biomedical Diurnal Cycle, All Crews

Temperature
Pulse
BP(D)

BP(S)

*3ignificant at
**Significant at

I-II I-IIX I-IV
-1.15 -1.91 2.00%
-7 -.28 1.59
.61 .86 1:79
1.13 1.33 2.26%
.05 level

0L level

II-III
=055
1008

I19
.03

II-1v
2.To**
2.601%x
1.06
1l.11

58

III-1V
2. 5%

1.63

-0.00k

1.13

s, 67%
2.8g%*
1.63

3.61#

III-1v
3.75%%
3.52%%
1.00

1.23
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While no firm conclusions can be drawn from the above there is some indié
cation that the diurﬁal cycle is being maintained with the low poiht occurring in
the early morning hours. However, it is impossible to determihe when the high
point of the cycle occurs. |

The above data are largely consistent with the available literature. For
example, Lewis and Lobbon (Ref. 13) have pointed out that some physiological
parameters are susceptible to environmeptal changes while others apparently
demonstrate ah intrinsic periodicity. Of the parameters that were studied, body
tempe;ature vas the single measure most effected by abnormal time routines, with
the low points occuming in the eariy morning. Van Loon (Ref. 11) has developed
similar results.

Most of the physiologlcal data available in the literature was collected

in two~hour intervals, whereas, as indicated, this study required measures to

be taken every eight hours. In order to conclusively establish the existence

of any diurnal cycle effect, blomedical measures should be taken more frequently.
This is generﬁlly theléase for both other studies of duty cycle effects as well
as the operati&nal Apollo mission.

(b) Mission Duration Effects on Biomedical Performance

Each of the mission~time intervals discusged in the préceding section were
analyzed for any apparent changes over the entire mission duration. Since cer-
tain diurnal effects had been indicated, it was of interest to determine if any
adjustments to the work-rest cycle had occurred, such as demonstrated by Lewis
and Lobban (Ref. 13).

To invetigate this possibility, mean levels for each blomedical parameter
for a given 6-hour time interval (e.g;, 0500~1100) were found for each of the

seven mission days for all crevs.



To test for daily differences, a t-test (Ref. 7T) was performed which
tested differencesbetween day 2 and day 7 on each blomedical parameter. The
results are presented in Table 22.

TABLE 22

t-Test Results, Daily Difference in Biomedical Status
Within Time Intervals, All Crevs

Parameter
Pulse BPgDZ BP(S) Temperature

Time 0500-11.00 066 089 l-ol . -2069
Period .

1100-1700 2,00 .48 -.199 <20k No significant

4 results
1700-2300 .29 .61 b2 -.38
2300-0500 .60 ~1.20 .52 Ok
As can be seen, there vere no significant results, thus there was no

appaxnt shift in the diurnal cycle. These realtsbagree with the findings of ‘

Alluisi et al (Ref. 9).
(2) Isometric

(a) Eight-hour Interval Variations

Isometric performance was discussed in Section 5.A of this report. Since
isometrics were performed approximately every 8 hours dﬁring the mission, it
was decided t01b£ermine if any diurnal effects could be demonstrated.

The standardized isémetric performance (see Section 5.A) on two exercises,
knee and overhead, was separated into three 8-hour intervals and t-tests simi-
lar to those discussed for biomedical data were performed. The two exercises
represented the extremes in "load displaced." The results are indicated in

Table 23. ' -
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TABLE 2
t-Test for Diurnai Cycle Effects of Isometric
Performance
I-II I-III II-III

Crew Knee O.RH. Knee O.H. Knee 0O.H.
I LBU42 =3.65 1.22% .659 =267 1l.146
II -1.2 .80k -415 =.560 -.323 .28
III 121 1.h403 .383 1.157 .298 -.346 No significant

results

v .55%  .235 1.181 ~.525 .68k 167
V 201“37 -.0‘-!»2 20,"‘09 1.126 .201 2.1’13
All A2 102 43 .668 089 .T61
I = 0900-1T00

II = 1700-0100
III = 0100-0900

No significant results were demonstrated, thus obviating any diurnal

cyclic effects on isometric exercise performance.

(b) Daily Variations in Isometric Exercise Performance

Normalized performance for three exercises, knee, waist, and shoulder,

was analyzed for dally differenms within time intervals across the mission

in the same way a&s biomedical status. For this test, data from day 2 of the

mission was compared with the data collected on the final day on which com=-

plete exercise data was available.

This was either day 5 or day 6 in all cases.

The results of the t-tests are indicated in Table 2k,

TABLE 24

t-Test Results, Daily Differences in Isometric Exerclse

Performance Within Time Intervals, AlLL Crevs

Time
Internal

0900-1700

1700-0100
0100-0900

) Exercise
Knee Waist

"lo 0h9 . 51}6

1.286 -.855
-1.661L  =.955

0. H.
L.10% No significant
results
1.952
- 617
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As with the biomedical data, no significant results were -obtained, suggest=
ing that performance within given 8_-hour time intervals remained constant across
the mission.

(3) Switching

I¢ vas also of interest to determine 1;f any diurnal cycle effects could
be demonstrated for the switching performance for each eight-hour mission time
interval., F;Lgure 5 indicates the pre- and post-LEM switching performance by
eight-hour interval for all crews combined. As in i’hase I, (Ref. 1), the
effect over mission performance is api:amt, although performance reliability
is consistently high. The reliabilities of Crews I band II combined, Crews III,
IV, and V combined and all crews combined are indicated in Table 25, 26 and 27.

The eight-hour time intervals vere tested agalnst each other for diurnal
cycle effects. Because of the lack.of variability in the switching data, the
nonparametric Mamn-Whitney U Test (Ref. 6) was employed. The results are in-
dicated in Table 28.

TABLE 28

Mann-Whitney U Values for Diurnal Cycle Effect
on Misslion Switchipg Performance

Time Interval

I-1I I-III III-IV
Crews I, II 13 19 10
Crews III, IV, V 9 16 18  No significant
Results
All Crews 13 18 12

I = 0900~1700 mission time
II = 1700-0100 mission time
III = 0100-0900 mission time
As indicated, no significant results occurred, thus there was no apparent

effect on switching perforn;ance due to diurnal cycle.
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The findings of Alluisi et al (Ref. 9) indicated that crews can be effeo
tive for periods of two to three weeks on a 4-hour on, 2-hour off schedule, and
effectiveness can be maintained for two to three months om a 4-hour on, k-hour
off schedule. Thus, although the duty cycle employed during this study was dif-
frent than that studied in Ref. 9, it is felt that the Alluisi data represent a
more stringent work-rest cycle, and that the simulator data agree with the
fiﬁding that individuals can function effectively over set periods of time,
under adverse routines.

Figure 6 indicates that switching errors were distributed proportionally
to totai operations over each eight-hour time interval, suggesting that errors -
are distributed in accordance with task-load. This was demonstrated statis-
tically in the Phase I study (Ref. 1) where similar data for switching were
compared using the Kolmogogorov-Smirnov Test (Ref. 6). No consistent results
were obtained supporting the hypothesis that switching error frequency is
indeed proportional to the number of switches activated.

However, it can be seen also from Fig. 6 that the increase in errors is
greater than the increase in operations following the relatively inactive
intervals (note mission time intervals 48 hours to 72 hours and 1kl hours
to 168 hours, which are both coast periods), supporting the Phase I conclusion
that constant work-load may be a more desirable characteristic than minimal
vork-load.

In summary, the analyses performed indiated that only oral temperature and
pulse rate may have been affected by diurnal cycle variation. Blood pressure,
isometric performance, and switching performance data demonstrated no effect
as a function of the change in routine. Furthermore, no adaptation to the duty
cycle was apparent over mission time. In spite of this swiiching periormance

was demonstrated to be consistently high during the entire mission, and reduc=-



duction in mission load-displaced on mission isometrics was determined to
be a function of reduced volume, food intake and generally sedentary activity.

6. Mission to Baseline Correlates

In Phase I, differences between systems, phases, systems by phase inter~
Faction, etc. vere tested for significant differences for both switching and
flight control data. No consistencies were developed, however, certain crews
performed diffefently on certain isolated phases. Furthermore, Section 4 ¢.
indicated significant differences between phases when raw error scores were
‘compared. The error scores represented average‘deflection from a nominal
attitudinal flight path.

This difference existed in both baseline and mission data. Because of
possible differences in phases, %t was of interest to examine both baseline
and mission performance to determine if they varied in the same way across
phases.

A. Method

Two'separate types of data; switching and flight control, were subjected
to statisfical aﬂalyses for each crew individually, and for all crews combined.

Reliability for baseline (Rp) and mission (Ry) were ranked and correlated
using a Spearman Rank-Order Correlation (Ref. T).

B. Results

(1) Switching - The result of the switching performance analysis

is illustrated in Table 29.
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TABLE 29

Values of rg for Switching Baseline by Mission
Switching Performance

Crew rg
I -.048
II 4515
III .5273
Iv L6136
v . 8068%»

All ' . 6818#

*Significant at .05 level
**Significant at .01l level

As can be seen from the switching correlations, Crews IV and V, and all
crews combined showed significant positive correlations between mission and
baseline performaﬁce.

Since Crews IV and V had consistent, extremely high mission and baseline
switching performwance, the performance variability was quite low; With low
variability a significant rg is almost assured, and the resultant correlation
cannot be validated. It is bel¥ved, however, that the data for all crews combined
is a raasonable representation of an existing poéitive correlation, and as the
51fferences between crew performance level exisﬁs in both mission and basellne,
1t'provides a reasonable index of the baseline performance of all pilots rela-
tive to mission.

The significant correlation in the positive direction indicates that,
since performance was ranked from low to high, pilots tend to do worse during

+hooe miseion phases tht exhibited lower performance during baseline.




(2) Flight Control

Table 30 illustrates the results of the correlation tests performed

between baseline and mission flight control reliability.

TABLE 30

Values rg for Flight Control Baseline by Mission
Flight Control Performance

Crew rg

f; I .557
| II .257
III =0, 300

v «133
v 1.000%*

/ A1l .06k
*Significant at .05 level

i **Significant at .0l level
f ;
{ As can be seen only crew V showed any significant results. This crew
{ demonstrated perfect (1.000 Reliability) performance in four of the six
mission phases in both 5aseline aﬁd mission, therefore, there was very
little variability in Crew V performance, and‘the significant correlation
is meaningléss, particularly since the trend was not demonstrated for any
other crev. .

It was also desirable to analyze mission-to-baseline correlates with
differences in phase complexity controlled. To accomplish this, the mission

was normalized by the appropriate phase baseline levels as in Section 4

(Equation 3).
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A Spearman Rank Order Correlation, similar to that described above,
was performed on baseline reliability compared to normalized reliability

(Equation 7). The results are indicated in Table 31.

TABLE 31

Values of rg for flight control baseline by
Normalized Flight Control Performance

Crev s

I -.0857
IT -=.1857
I -6l
Iv -. 6857
v 1.00%%*
AL -.614

*3ignificant at .05 level
*%Significant at .0l level
Once again, only Crew V demonstrates a statistically significant corre-
lation, and this is most likely due to lack of variability in both baseline
and normalized reliability scores. Since Crew V had reliability of 1.000
on four phases in both baseline and mission, the normalized reliability
remained at 1.000 for those phases and the distribution of rankingb remained
unchanged.
For the statistic employed, only six phases were available. With such
a small number of data points, the requisite rg must be quite high ®fore 1t
is significant (rS°°1(5 DF) = .917), and had the sample (flight control
phases) been larger, a significant baseline to mission relationship might

have been demonstrated.
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What 1is of greater interest in the normalized data analpis is that all
but one of the correlations are in a negative direction suggesting that the
crews performed better on those mission phases that exhibited poorer base-'
line performance. Furthermore, although none were significant, six of the
correlations are greater than -.600 with Crews I and II demonstrating nega-
tive correlations nearer to zero.

One possible explanation presents itself; over-training may have caused
the negati&e correlations since it was demonstrated in the Phase I study‘
(Ref. 1) that Crews III, IV and V were trained to a higher performance level
than Crews I and II.

Another alte:native explanation may be that the performance shift in
phasés was due to the nature of the mission itself. That is, there may
have been some behavorial phenomenon that existed in the T-day mission that
could not be identified or controlled in the part-task training situation.

These reults point to a need for additional study for application té
the Apollo training program and mission, as well as other long-duration space
systems. In-flight studies would provide excellent means for determining the
existence of over-training as well as the validation of the high fidelity
simulation techniques for performance assessment. Such an approach is dis-
cussed 1n Section III.

7. Extrapolation to Current CM Configuration

The obJective of this effort was to determine which resulté, findings,
and conclusions described in Phase I (Ref. 1) and the presnt report could
be directly extrapolated to the current Apollo Command Module configuration.
A number of available documents (see Refs. l4-21) containing data on system
functions, display/coptrols and the categories gpecified for the current CM

were reviewed as a first step in this analysis. Additionally, a cursory

review of the Apollo Procedures Mockup at NASA-MSC was performed on




69
on 17 October 1966. ,

Where data comerning the current CM were unavailable, it was so noted
and the extrapolation was developed under the assumption that the CM and
simulator were identical.

As indicated in both the previous technical sections of this report
and the Phase I study, pllot performance was generally high, with very few
consistent trends developed. Furthermore, it was suggested that some of the
significant results were the result of simulator artifacts, notgbly the
criticality of flight control errors. However, this fact does not preclude
the utility of applying results to the operational CM. Many of the analyses
of this study have provided results, which, although not significant, may be
indicative of possible operational phenomenon and therefore are worthy of
further study and Judiclous consideration.

Categories reviewed included system functions and crew tasks, display/
control relationships and checklist and training. These serve és a basic
framevwork for applying and comparing qualitative, and where possible, quan=
titative data from the simulated T-day CM missias to the presently-programmed
CM development.

a. System Functions and Crew Tasks

No consistent system effects on switching performance were found follow~
ing Phase I analyses of elther individual system or logicél system inter-
actions. Pilot debriefing and mission log comments regarding flight control
system effects were chiefly concerned with furnishing more meaningful per-
formance parametrs during the Earth Entry phase. The need for duplicating

actual flight path, dynamic pressure, gravity load, etc., were especlally

stressed as lmportant for effective and “"reailsiic"” system on during




Earth Entry. Reference 17 indicates that the EE phase will be automatic
with a manual back-up system. In the event of a emergency manual operation,
the incorporation of such a flight control display system becomes more
meaningful.

Most of the remaining pilot comments conrcerning systems and tasks were
the result of simulatof artifacts.

None of the pilot remarks alter the Phase I finding that system functim
phase and system/phase interaction effects, apbear to contribute minimally in
terms of any trend in mission errors made by the crews. This is especlally
notevorthy since the simulated system was very close to the actual system
design reviewed, particularly in switching actlions between any.one subsystem
and another, (Refs. 17 and 18).

The Phase I study did conclude, however, that some crew members do less
well in some phases than others, although no consistent trends were demon- ‘
strated for either flight control or switcing tasks. It was hypothesized
t hat as long as the pilots are not overloaded, it is more important to main-
tain a constant workload than to be concerned with the total magnitude of ‘
operations.

These findings agree very highly with pilot opinion in thatmearly all
pllots believed that they were quite capable of performing all programmed
and emergency CM tasks. About half the pilots recommended they be glven
manual control over the launch or boost phase which terminates in an earth
parking orbit during the mission. They are supported in this request by
several studies on pilot control of boost phases (Ref. 16) which indicate
acceleration profiles, vehicle bending, and fuel sloshing present no prob-
lems for the pilot in controlling launch of multi-stage boosters, provided

he has an adequate display/control system.
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A pilot opinion ranking of CM flight control tasks, showed Earth Entry
and Transpostion tasks ranked highest in adjudged difficulty (see Table 39,
Ref. 1). Earth entry as a whole was considered by one crew member as "a
task which required close attention to detail, continuing and sometimeg
rapid decisions, planning, foresight,'different flight profile according
to error mades, and the pqssibility of disastrous results from a small error
or moment of inattention.”

The pilot opinion of flight control task difficulty was partly confirmed
by quantitafive data from the Phase I study indicating some degradation in
flight control mission performance occurred when compared withlnséline per=-
formance. That is, flight con£r01 errors of a critical nature occurred
during the simulated mission; however, these were likely a result of the
simulator system and the error criteria. It will be recalled from the Intro-
duction of this report (Section I) that the criteria for a flight control error
was that the mission parameter score fall outside the mean plus three sigma
level established from the distribution of baselie scores. Thus, the criteria
for success were not necessarily similar to the actual system requirements.
However, if the actual system constraints require pilot performance close to
the mean plus three sigma levels established in training, it is reasonable
to expect the occurrence of flight control errors during the mission, some
of which may be critical. Inﬁorder to preclude mission errors either addi-
tional training or the reduction.in the stringency of requisite flight con=-
trol performance through system modification should be incorporated.

Another important conclusion reached was that task performance varia-
bility did-occur during the simulation but with no serious effect on mission

success. The possibility remains, however, that increased variability due
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to task overloading, extension of mission time duration, 6r additional
time-critical activities, could contribute to performance degradation.
b. Display/Control Relationships
Quantitative findings in the area of display/control relationships
(Ref. 1) suggested that as long as the crew 1s neither task overloaded,
por performing time-critical tasks, the Human Epgineering design require-
ments may be reduced, Phase I results also indicated that "a new set of
design criteria may be required for space sytems 1n order to be more commen=~
surate with the pilot skills.," Furthermore, comparison with the configurﬁ-
tion of Ref. 17, has indicated that many modifications have already been
incorporated in the CM. .
Table 4 in Section II.1l of this report indicated that all pilots had
some negative remarks on the basic panel layouts of displays and controls.
These were reflected in constructive criticism and recommendations ranging
from setting up effective sequential scan patterns and functional grouping
of 1nstru¥ents and switches to improved lighting, elimination of parallex
effects on displays, énd better switch identification and labeling. The
| cémments concerning display groupings were made in consideration of two
phases; Earth Entfy and Transposition. One of the most frequent comments
in the area of human engineering deficiencies was that "critical” switches
were not guarded, locked-out, or separated properly from "non-critical”
switch operation. The latter observation, however, does not coincide with
| Phase I findings that no critical switching errors occurred, and that the
maJority of switching errors had no direct influence on mission success.
Furthermore, most of the critical switches are guareded in the.Apollo

Procedures Mockup.

R e e e i e A
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A comprehensive etiology of switching errors (based on Tables 1 and 2
and Ref. 5) presented a breakdown of specific and totalerrors made by each
of the five crews. A review of the breakdown by crew was considered necesgsary -
in fully exploring display/control relationships and theif extrapolgtion to
the current CM, although the Phase I results found no condstent pattern to
switching errors either in terms of the mission or switch location.

Analysis of switching performance for Crews IV and V revealed that only
seven errors vere made by the combined crews with each error on a different
switch. Crew III committed only 12 errors, but 4 of these, or 33.3 percent,
involved the Uplink Telemetry (or UTEL) switch on te computer. Out of a
total of 105 errors for Crew II, 13 percent involved the same UTEL switch
above with another 9.5 percent charged to improper operation of a Lamp Test
switch for the Cautlon and Warning System displays. Finally, Crew I vas
found to have the largest number of errors (117), of which nearly half, or
45.3 percent, involved three tape recorder switches located adjacent to
each other, Thé UPEL switch and the communications panel are relatively
similar to the current system (Ref. 17).

Although,.as noted earlier, the above switching errors were not consid-
ered real hazards to mission success, several recoumendations are nonetheless
presented for possible appiication to the present CM configuration, according
to Ref. 17, in assuring even more reliable task performance in the Apoilo
mission.

(1) Redesign the Uplink Telemetry (UIEL) switch.and its correspond-
ing Uplink Acifivty indicator (presently associated with a "computer activity
indicator") into a combined switch. A trans-illuminated pushbutton switch

with appropriately labeled operational terms is suggested in this case.




s e T T

Th

(However, instead of using the present terms "ACCEPT" and "BLOCK" (Ref. 17)
on the proposed switch's two subdivisions, "ACCEPT" and "NO GROUND DATA"
might be clearer in the uplink telemetry operation to the pilot. A clear
set of procedures will also be of value in preventing potential error.)

(2) Redesign the communications panel in the CM, and particularly, the.
tape recorder functional group. This can be done, for example, by combining
the present tape recorder toggle switches into one rotary switch for all
functions, or by separating the "toggles" spatially and/or through improved
marking or delineation. The prime factor for the large number of errors
made by Crew I on the tape recorder switches was poor checklist information
on tape sequences, however, review of the current CM panel indicates (Ref. 17),
that it is similar to the CM simulator. It was noted in the Human Engineering
Section (Phase I, Section 5) that, should tasks become more time-critical,
poqrvhuman engineering effects would be more prevalent. Thus, the panel re-
design ;s recommended.

(3) Relocate the RCS switches from Panel 16 to Panel 15, where they will
be nearer the RCS helium and propellant switches.

(4) EDS switches are currently located on Panels 16, 2k and 26. They
should be located together, preferably nearer the appropriate warning indi-
cators.

(5) There was a parallax problem in interpretation on the FDAL in the
simulator. No data are available to indicate that this problem does not
exist in the current CM. Back-lighting should be provided.

(6) No data were available concerning the LEM transposition. In the

simulated mission, the CSM and LEM were separated and automatic stabliliza-

tion equipment nulled any angular accelerations of either module. The task

was to pitch the CSM 180° and dock the CSM and LEM. Information for this
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task was presented to the pilot as displacement in pitch, roll, aﬁd yaw. Al-
though unlikely, if such a manual transposition task is performed in the
Apollo mission, it 1s recommended that a closing-rate or displacement rate

in three attitudes be provided.

(7) Finally, the documentétion avallable indicates that the Earth Entry
phase of the operational mission will be automatically controlled with a
manual back-up. The data further indicate that, in the eveat of a failure
in the automatic, the pilot has only the FDAL altimeter, and"angle-of-attack"”
(a) indicators (Ref. 1T and Procedures Mock-Up). Since any control errors
during entry are critical to sﬁccessful recovery, 1t is recommended that the
following displays be provided for emergency manual re-entry:

(a) Range error
(b) Velocity error
(;) Altitude error
(a) Altitude rate error
(e) Crossrange rate error
(£) Required roll maneuver
It is suggested that these displays be located as near the FDAL as possible,

and arranged in a suitable scan-pattern.

Checkllst and Training
The foilowing recommendations, derived from the simulator program, are
applicable to the Apollo Program:
(a) The checklist should be detailed, consistent in format, provide

phase and time references and labels for all critical operations.
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(b) 1In general, the training program for the simulation was found

to be adequate. Results of this study indicated that, for
flight control, mission berformance was better on those phases
that exhibited poorer baseline performance. This phenomenon
may be due to overtraining, or it may be due to some behavor=-
ial phenomenon present only in the mission.

It is suspected by the authors that the shift in relative
phase performance between baseline and mission was the result
of the added realism, long duratign confinement, and other
mission phenomena. Whatever the caume, this area requires
further stﬁdy. In-flight study is recommended as one possible
technique. This technique would provide a means of validating
the integrgted mission simulation approgch to complex operator
assessment, using actual system measures at a minimai cost and
weight penalty, and would indicate if such performance perturba-
tions that occurred in the simulated mission could indeed be ex-
pected in an operational situation. The validation study would
define the systems measures, skillé, telemetry, and maneuvers
required for the operational system. Part- and whole~task simu-
lation data would then be compared with operationai system
measures.

If the operational mission performance levels are similaf to
those obtained from the ground-based simulations, the high-fidelity
whole-mission simulation technique will have been proven to be a
much more valid predictive measure of complex operator performance

than part-task techniques, including those with high face validity.
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(a)

(e)
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The most'meaningful training result obtaled was the value of

dailly feedback of performance.results. By keeping the pilots

abreast of their errors, they were quickly able to assimilate

and alleivate the sources. The advisability of such an approach
was demonstrated by the differences in all phases of performance
between those crews that had the benefit of feedback, and those

vho did not.

The training program was scheduled to preclude mass practice effects
with the maximum number of repetitions dependent on the complexities
of the phase involved. The training schedule was modified weekly
in order to provide training in those phases where practice was |
most required. These approaches to a training program were found
to be highly effective in preparation for the mission, and should
be incorporated into the Apollo Astronaﬁt Training program.

During the fourth week of the training program, a two-day integrated
fast-time mission was conducted. This served to familiarize the
crew with the details and peculiarities of the mission and to pro-
vide some adaptation relative to the living requirements within

the simulator. The fast-time mission consists of each crew member
performing each phase in mission sequence under typical mission
conditions, except that all coast phases (earth parking orbit,
translunar coast, lunar coast descent, lunar coast ascent, and
transearth coast) were abbreviated to meet the time required to
perform the necessary piloting and switching tasks. The fast-

time mission concept was utilized during the trailning of all

crews, and was considered highly effective. It is a recommended

technique for incorporation into the Apollo Training program.
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In conclusion, it must be re-emphasized that, in general, pilot -perform-
ance was.consistently high during all mission phasés, consequently trends
vere very difficult to identify. Some of the recommendations of this section
may become increasingly important during periods of high activity or stress,
or for longer duration missions.

Finally, some of the errors that occurred, notably flight control and CM,
were likely a function of the simulator system or performance criteria, and,
as such, are only capable of extrapolation to theCM if similar constraints

are operating in the operational system.
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III. MAJOR CONCLUSIONS

The aralytical methods, results and general conclusions are detalled

in Section II of this report. Replicated here are those conclusions most

germane to the Apollo CM.

A.

Pilot comments generally agreed with their rankings of the
displays and controls. Transposition and earth entry were
deemed the most difficult flight control phases and this is
supported by the data.

The checklist was considered to be adequate with 17% of all
switching errors attributable to the document. Nearly all

of these (37 of 41) occurred in Crews I and II as a function
of omitted steps. Generally, it was recommended that the
Apollo checklist have a conslstent format, time and phase
references, and some identification of critical tasks.

No deleterious effects on performance were noted as a result
of communication black-out periods.

Although operationally nearly identical, some phenomenon caused
attitude control performance in IOI to be consistently worser
than the other insertions. This occurred in baseline, mission,

and norwalized data analyses. Furthermore, the Earth entry phase

. control performance was consistently more variable than the in-

sertions. It was concluded that there may be a performance change
caused by changing spacecraft inertia, however, these effects, if
they exist, were confoundedly other varlables, such as mission
time effects. The changes in attitude control performance were

all within the error criteria.




E.

F.

G.

There was no correlation between mission exercise performance
and switching performance, or miss;on exercise performance and
any of the blomedical parameters monitored.

There was an indication, albeit inconclusive, of a diurnal cycle

effect on temperature and pulse ratés, with low points occurring

in the early morning hours. There was no such effect demonstrated

for other physiological parameters, switching performance or
exercise performance, nor were there any demonstrable adjustments
to the work-rest cycle over the seven-day mission.

Mission switching performance was generally higher on those phases
that exhibited higher baseline perfo}mance, However, normalized
flight control results indicated that higher mission performance
was demonstrated on those phases that exhibited lower baseline
performance. No conclusive reason for this was determined, but
oveerraining may be related. Another and more probable explana-
tion was the suggestion that thé integrated mission simulation
provided a more reasonable prediction of performance than did the
part=task technique utilized in baéeline data collection. It was
suggested that 1n-flight studies be performed in order to provide
measures of the relative vallidity of performance assessment tech-
niques.

A number of detailed changes in the operational system were suggested
on the basis of the study and avallable documentation. Among these
recommendations were the relocation of particular switches and the
inclusion of some information displays, as well as a suggestion for

inclusion of daily performance feedback during training.
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